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Electronic toy or game playing apparatus comprises one or more transmit aerials (4) associated with a playing region. One or more 
playing pieces each contain a transponder (2) and are movable within the playing region. An oscillator (3) provides an input signal to the 
or each aerial (4) at a predetermined input oscillation frequency. A monitor (5) is provided for simultaneously monitoring the power output 
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same variable manner, whereby the presence of a piece in the playing region can be determined. . 
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ELECTRONIC TOY OR GAME PLAY TNG APPARATUS 



The present invention relates to electronic game 
apparatus, in which the presence and optionally identity of 
5 playing pieces is determined. 

Typically, the invention can be applied to board games 
in which the role of one or more of the players is taken 
over by a computer. 

Proximity sensors and object presence detectors are 
10 used for many different applications. Some of these are 
touch switches, burglar alarms, identity tags and metal 
detectors. 

There are several varieties of proximity sensors and 
object detectors. A first type is capable of sensing the 

15 presence of an object but cannot distinguish between 
objects. A typical application of this in a board game may 
involve, for example, a chess board with a reed switch 
located beneath each playing square. A magnet is provided 
within the playing pieces and, as a playing piece is placed 

20 on the square, the magnet causes the switch to flip. 

A second type of sensor uses a transponder which 
transmits an identity code back to the sensor thus 
identifying the object. This type usually involves use of 
a multi-turn coil and a memory chip which makes the system 

25 relatively expensive. Therefore, this is not suitable for 
use in a board game, for which expense is an important 
factor. 

A third type of system is disclosed in British Patent 
No. GB-B-2103943 . This describes a chess board which 

30 contains transmit and receive coils at right angles to each 
other, with the intersection points defining squares on the 
board. Each chess piece contains a resonant circuit in its 
base, comprising a coil wound on a rod core and a 
capacitor. A pulse of radiation from the transmit coil 

35 stimulates a resonant response from any pieces in the row 
defined by the coil. This "ringing" response is picked up 
by the intersecting receive coil. Different pieces are 
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arranged to have different resonant frequencies, so that 
the frequency of the signal picked up indicates the type of 
piece whilst the coils involved define the square. 

GB-B-210394 3 also describes an embodiment in which the 
5 same coils are used successively as transmit and receive 
aerials. First the coil sends a transmit pulse, then the 
coil is switched by a demultiplexer to pick-up the returned 
resonant radiation. Therefore, a similar number of 
switching operations are required (i.e. two switching 
10 operations per square) , although only one coil is addressed 
at a time. 

A variation on this system is described in EP-B- 
0360624. Rather than providing a pulse of radiation to 
stimulate a resonant response, this employs a positive 
15 feedback technique whereby a small resonant signal 
(initiated by noise) is picked up by the receive coil and 
fed back to the transmitter. Thus the transmitter, 
receiver and resonant circuit in the piece all oscillate at 
the piece's particular frequency. 
20 Whilst providing systems which automatically detect 

the presence and identity of a piece on any of the squares, 
the systems have a number of disadvantages associated with 
them. 

Firstly, in general both a transmit coil and a receive 
coil must be addressed in order to detect a piece. In 
addition, every square must be individually addressed. 
This requires a complex multiplexer or similar switching 
device . 

Secondly, the resonant circuit in each piece presents 
a number of limitations: e.g. the number of different 
pieces which may be detected is limited, since the resonant 
frequency of the pieces must be spread far enough apart to 
be differentiated. In addition the resonant frequency of 
the circuit may vary from the frequency required due to 
heating up of the ferrite cores of the inductors in the 
pieces. The system is limited to detecting a unique 
frequency for each piece, as opposed to other more flexible 
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(and conventionally expensive) methods such as a memory 
chip with an identity code. 

Thirdly, this system (along with other prior art 
systems) is only able to detect the identity of one piece 
5 on a square at any one time. 

According to the present invention, we provide an 
electronic toy or game playing apparatus comprising one or 
more transmit aerials associated with a playing region; 

one or more playing pieces each containing a 
10 transponder and which are movable within the playing 
region; 

an oscillator which provides an input signal to the or 
each aerial at a predetermined input oscillation frequency; 

and means for simultaneously monitoring the power 
15 output by the aerial; 

wherein each transponder comprises a receive aerial to 
receive signals from the selected transmit aerial, and a 
circuit which draws power from the transmit aerial in a 
variable manner, thereby modulating the power output by the 
20 transmit aerial in the same variable manner, whereby the 
presence of a piece in the playing region can be 
determined. 

The invention is typically employed in a game (such as 

a board game with a playing piece or pieces) . 
25 Alternatively, it may be used in a toy (such as an 

educational toy) in which the presence of an element in a 

particular region is detected. 

Typically, the transponder comprises a digital 

multivibrator circuit whose power consumption varies with 
30 time, i.e. periodically or with a delay time. However, any 

circuit which provides a variable power response to the 

transmitted signal may be used. 

The invention may be employed in a game with a single 

aerial associated with the playing region in which the 
35 presence of playing pieces is detected. Alternatively, 

there may be a plurality of discrete playing positions, 

each with an associated aerial which detects the presence 
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of a piece in that position. In a further embodiment, 
there may be one aerial per group of playing positions in 
the playing region, typically with other overlapping 
aerials which can detect the presence of a piece on 
5 specific positions within the group. 

In a preferred embodiment, the variation in power 
drawn by the transponder on each piece is unique to that 
piece, allowing the identity of the piece to be determined. 
This allows the presence and identity of more than one 
10 piece in a playing region to be determined. 

Typically the game comprises a board game with a 
number of discrete playing positions on it, for instance 
chess. Alternatively the game may be an interactive role 
playing game in which a role is taken by a computer. The 
15 game board may be self contained, or may be a peripheral 
unit which is attached to a PC. 

For example, the game may comprise a chess board which 
comprises an 8 x 8 array of squares. In a preferred 
embodiment, each row and column has a coil (i.e. aerial) 
20 associated with it. Each transmit coil is addressed, 
allowing the identity of the pieces in each row and column 
to be determined. Thus, this system allows all 64 squares 
to be interrogated, with only 16 addressing operations. 

The technique used for identifying the objects is a 
25 relatively cheap one, but there is a limit to the number of 
objects which can be distinguished. Applications for this 
system include electronic toys and other low cost, high 
volume applications. 

Since it is possible to detect pieces at a distance 
30 from the transmit aerial, the pieces may be detected in a 
3-dimensional game, for instance relative to side walls. 
Therefore, the present invention is not restricted to the 
detection of pieces in positions on a surface. 

Each item to be detected has a small inexpensive 
35 electronic circuit (transponder) attached to it which does 
not include any kind of power source. 
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An embodiment of the invention will now be described 
with reference to the accompanying drawings, in which: 

Figure 1 is a block diagram of the system showing one 
transponder ; 

5 Figure 2 is an example of an electronic circuit for 

the identification oscillator; 

Figures 3 a and 3b are examples of the output waveforms 
when one and three playing pieces are present respectively; 
Figure 4 is a second type of transponder; 
10 Figure 5A shows a complete circuit diagram for the 

system ; 

Figures 5B and 5C are alternative circuits for the 
transponder ; 

Figures 6 and 7 illustrate the remaining portions of 
15 the array of transmit aerials in the board; 

Figure 8a shows the voltage output from transmit 
oscillator 3 shown in Figures 1 and 5; 

Figure 8b shows the current output from the transmit 
oscillator; and, 
20 Figure 8c shows the output from the power detector 

shown in Figures l and 5. 

The purpose of this system is to detect the presence 
or proximity of one or more specific objects and to 
distinguish between them. It is capable of detecting and 
25 identifying a plurality of objects simultaneously as well 
as identifying a single object • 

The system consists of two parts (illustrated in 
Figure 1) , one of which is a detection system 1 (the 
sensor) and the other is an electronic circuit 2 (the 
30 transponder) which is attached to each item to be detected. 

The function of the detection system 1 is twofold. 
Firstly, it emits electromagnetic radiation which is 
received by any transponders within a specified distance. 
Secondly, the detection system is capable of continuously 
35 monitoring the emitted power in order to discern any 
disturbance caused by these transponders. 
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The function of the electronic circuit 2 attached to 
each item to be detected (the transponder) is to receive 
the electromagnetic radiation from the detection system 1, 
to rectify the received power and use it to run a simple 
5 circuit whose power consumption varies with time (which 
will subsequently be referred to as the identification 
oscillator) . 

A block diagram of one possible system is shown in 
Figure 1. An oscillator 3 generates a continuous 

10 (unmodulated) signal and drives one or more transmit 
aerials 4 via one or more power detectors 5, which 
continuously monitor power throughput. The transmit aerial 
4 may take the form of a single element aerial or, 
alternatively, an array of aerials which may be driven 

15 sequentially or in parallel. Power detector 5 may take the 
form of one or more current detectors, as the input voltage 
is a constant alternating signal. A receive aerial 6 
provided on each transponder (only one transponder is shown 
in Figure 1) receives a fraction of the power from transmit 

20 aerial 4 and supplies this to a rectifier 7. The rectified 
output from the rectifier 7 is applied to an identification 
pscillator or other time dependent circuit 8. If the power 
is sufficient, the oscillator 8 will oscillate at a 
frequency much lower than that of the oscillator 3 , or 

25 produce a finite length time dependent output. 

The identification oscillator or time dependent 
circuit 8 is designed to vary its power consumption as it 
oscillates or produces its finite length output. A simple 
oscillator circuit which fulfils this requirement is shown 

30 in Figure 2. This is only one of many different possible 
oscillator circuits. It is a conventional astable 
multivibrator circuit with the usual collector resistor 
short circuited (zero Ohms) . That is, there is no resistor 
in the position indicated at 9. This ensures a large 

35 variation in power consumption during oscillation. 
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Figure 4 shows one possible time dependent circuit 
which produces a single pulse after a predetermined delay 
time. 

The varying power drawn by oscillator 8 may be 
5 detected by the power detector 5 in the sensor system, and 
the proximity of a transponder is confirmed. If each 
identification oscillator or time dependent circuit 8 is 
designed to oscillate at a different frequency or deliver 
a different time delay, power detector 5 will be able to 

10 ascertain which frequencies or time delays are present and 
therefore which specific transponders are in the vicinity 
of the sensor. To do this, the power detector 5 must be 
designed to be frequency or delay time selective. 
Frequency selectivity may be achieved by using a swept or 

15 switched frequency bandpass filter or using a logic 
algorithm. Time delay measurement may be done using a 
logic counter circuit. 

If required , the system may be used for determining 
the position of one or more transponders by using an array 

20 of transmit aerials 4, which may be polled sequentially or 
simultaneously. One application of this would be an 
electronic board game, such as chess, where each piece may 
be identified and its position determined by using an array 
of 64 square capacitive aerials coincidental with the chess 

25 board squares. It may also be appreciated that such a 
scheme may be simplified by using 16 aerials, each 
associated with a row or column. In this case, to 
determine if there is a piece in one particular position, 
the relevant row and column would be scanned and any 

30 transponder frequency which appears in both would be known 
to be in the square under consideration. There are other 
ways of scanning such an array which require even fewer 
aerials. The following description describes a board game 
application in more detail. 

35 The application example which follows is a detailed 

description of one possible realisation of this technology 
for a commercial project. The example is of an intelligent 
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board game using 100 squares (10 x 10) and 16 different 
playing pieces* Pieces are identifiable and their 
positions on the board known even when there is more than 
one piece on a square. 
5 Figure 5A shows a complete circuit diagram for the 

system (excluding transmit coils) including a transmit 
circuit 10. Figures 5B and 5C show respectively the two 
alternatives of an oscillator playing piece 11 or delay 
time playing piece 12. (Generally the pieces will only 
10 contain either 11 or 12) . 

Figures 6 and 7 show part of the array of transmit 
coils which are connected to the circuit 10 in Figure 5A. 
The array comprises twenty aerials formed by 10 row coils 
(31-40) and 10 column coils (41-50), each coil having two 
15 turns. Each row/column intersection defines a discrete 
playing position on the board. Each aerial consists of a 
two turn coil wound around the perimeter of the rectangle 
formed by the ten squares in the row or column. The 
aerials may comprise copper wire, or a paper substrate 
20 printed with silver loaded ink. 

For oscillator 3 a 10MHz oscillator is used 13 which 
may be derived from the microprocessor clock signal. The 
signal from the oscillator 8 is applied to multiplexers 
14,15 which select one of twenty aerials on the board 
25 surface corresponding to the ten rows and columns. 

The reason for using coils for aerials 4 is that a 
large proportion of the electromagnetic field is 
concentrated inside the coil and there is therefore no 
danger of the playing pieces responding if placed in an 
30 adjacent row or column. Two turn coils are optimum for 
10MHz. Capacitive plate aerials may also be used but they 
are generally less efficient than the coils, particularly 
as the aerial size increased. 

Each of the twenty coils is energized individually, 
35 and any playing pieces within the coil area (ten squares) , 
are energized by signals picked up by their own receive 
aerials. The complete transponders (astable and monostable 
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types) are indicated at 11 and 12 in Figure 5B and 5C 
respectively. Each playing piece has a receive aerial 6, 
capacitor 50 which resonates with an inductor at 10MHz in 
order to maximise power transfer. This resonant circuit is 
5 the same for all playing pieces and has no bearing on the 
playing piece identity* In addition, the high frequency 
resonant circuit does not require an inductor with a high 
number of turns and a ferrite core, as in the prior art 
resonant pieces. Therefore, it is less susceptible to 

10 temperature changes. 

Diodes 52-55 rectify the received signal to provide DC 
power for the astable multivibrator 11, which is then able 
to oscillate. Bias resistors 56-58 are chosen to ensure 
that the oscillation frequency is relatively independent of 

15 the supply voltage. Capacitors 20,21 are equal, but 
different values are used for each playing piece. When 
transistor 60 is conducting, the transistor 61 is switched 
off, the playing piece draws more power from its aerial 6 
and thus also from transmit aerial 4. This is measured by 

20 including a series resistor 62 to sample the current in the 
transmit aerial 4. The voltage signal before the resistor 
is unmodulated, and therefore remains at the fixed 
oscillator frequency. However, the current (and hence 
power) is modulated by the presence of a piece. After the 

25 series resistor, the voltage is modulated, and this is 
detected by diode 63 and amplified to logic levels by power 
detector 64. 

Figures 8a-8c show graphs of voltage and current 
envelopes against time for the signals in the transmit 

30 circuit 10. The voltage output from the oscillator 13 is 
shown in Figure 8a. This shows the voltage variation to 
the left of the resistor 62 . It is an unmodulated 10MHz 
signal. Figure 8b (not to scale) shows the envelope of the 
modulated current signal from the oscillator 13. The 

35 voltage on the right hand side of 62 will be modulated in 
a similar manner to the current signal (due to the resistor 
62) , resulting in an output from the power detector 64 as 
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shown in Figure 8c. The resulting waveform is a continuous 
series of narrow pulses (see Figure 3a) . If more than one 
playing piece is present in the row or column under 
scrutiny, two or more pulse trains will be superimposed in 
5 the resulting waveform (see Figure 3b indicating the 
situation with three playing pieces) . The pieces may be 
identified by analysing the waveform, using hardware or 
software. In the hardware option, a swept or programmable 
bandpass filter may be used to differentiate between 

10 pieces. The software alternative would scan the waveform 
looking for different known pulse repetition frequencies. 

An alternative playing piece circuit is shown in 
Figure 4 and Figure 5C. Power is transferred to the 
playing piece in the same way as described above. This 

15 produces a single pulse after a delay which is different 
for each piece. This circuit is a monostable, or "one 
shot 11 multivibrator. The delay starts immediately after 
the receive aerial 6 is energized and is relatively 
independent of the supply voltage. This system is more 

20 suited to software detection of multiple pieces. After 
energization of each piece in the transmit coil 4, a finite 
series of narrow pulses will be detected, each playing 
piece being identifiable by the unique delay time 
associated with its single pulse* 

25 Once all twenty coils have been energized in turn, it 

is possible for software to determine which playing pieces 
are in each square by looking for rows and columns which 
contain the same piece or pieces. It should be noted that 
this procedure is quicker than scanning individual squares 

30 (as in British Patent No. 2103943 and European Patent No. 
0360624) as there are only twenty measurements to be made, 
rather than a hundred. This is one advantage of working 
with a system which uses the same aerial to transmit and 
receive. Another advantage of this system, is that it is 

35 possible to detect and correctly identify a plurality of 
playing pieces on one square. 
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CLAIMS 

1. Electronic toy or game playing apparatus comprising one 
or more transmit aerials associated with a playing region; 

5 one or more playing pieces each containing a 

transponder and which are movable within the playing 
region; 

an oscillator which provides an input signal to the or 
each aerial at a predetermined input oscillation frequency; 

10 and means for simultaneously monitoring the power 

output by the aerial; 

wherein each transponder comprises a receive aerial to 
receive signals from the selected transmit aerial, and a 
circuit which draws power from the transmit aerial in a 

15 variable manner, thereby modulating the power output by the 
transmit aerial in the same variable manner, whereby the 
presence of a piece in the playing region can be 
determined . 

2. Apparatus according to claim 1, wherein each 
20 transponder draws power from the transmit aerial in a 

characteristic variable manner, further comprising means 
for detecting the characteristic whereby the identity of 
the piece can be determined. 

3. Apparatus according to claim 1 or claim 2, wherein the 
25 transponder comprises a digital multivibrator circuit whose 

power consumption varies with time. 

4. Apparatus according to claim 3, wherein the 
multivibrator comprises an astable multivibrator whose 
power consumption varies periodically, at a characteristic 

30 frequency. 

5. Apparatus according to claim 3, wherein the 
multivibrator comprises a monostable multivibrator whose 
power consumption varies with a characteristic time delay. 

6. Apparatus according to claim 4 or 5, wherein the 
35 characteristic varies over a time scale substantially 

greater than the period of the predetermined input 
oscillation frequency. 
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7. Apparatus according to any of the preceding claims, 
comprising an array of transmit aerials, each defining a 
portion of the playing region, further comprising means to 
select a transmit aerial, whereby the presence of a piece 
5 in each portion of the playing region can be detected. 

8- Apparatus according to claim 7, wherein each portion 
comprises a group of discrete playing positions, and the 
aerials overlap whereby the presence of a piece in each 
discrete playing position can be determined. 
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